Chicken embryo cells normally contain, in addition to deoxyribonucleic acid (DNA)-dependent DNA (D-DNA) polymerases, a novel "R-DNA-polymerase" which specifically copies polyriboadenylic acid strands. This R-DNA polymerase cannot copy natural ribonucleic acid or polyribocytidylic acid strands to a significant extent. Infection of cells with the leukovirus RAV-2 leads to the intracellular formation of large amounts of the viral RNA-dependent DNA polymerase whose properties differ from the cell R-DNA polymerase. Chicken cells transformed by a Rous sarcoma virus mutant which produce noninfectious alpha-type Rous sarcoma virus (f), a leukovirus known to be deficient in the viral RNA-dependent DNA polymerase, do not contain detectable viral RNA-dependent DNA polymerase, whereas the cellular R-DNA polymerase is found in normal amounts. There seems to be no relationship between the cellular R-DNA polymerase and the RNA-dependent DNA polymerase of the avian leukoviruses.
In previous studies, some mammalian cells were shown to contain both deoxyribonucleic acid (DNA)-dependent DNA polymerase (D-DNA polymerase) and a synthetic ribonucleic acid (RNA)-dependent DNA polymerase (R-DNA polymerase) which can copy the polyriboadenylic strand of the oligomer-homopolymer (dT)12 -rA (4; Weissbach et al., Arch. Biochem. Biophys., in press). The latter R-DNA polymerase is distinguishable from the D-DNA polymerases because of its ability to copy a poly rA strand. This characteristic of the cellular R-DNA polymerase resembles the ability of the RNAdependent DNA polymerase of the oncogenic viruses to utilize synthetic oligomer-homopolymers as templates (1, 5) . However, the cellular R-DNA polymerase differs from the virion RNA-dependent DNA polymerase in that it cannot copy a natural RNA template (4; Weissbach et al., Arch. Biochem. Biophys., in press).
Avian leukoviruses such as Rous sarcoma virus (RSV) normally contain an RNA-dependent DNA polymerase demonstrable in the isolated virions (7, 18) . However, this is not true for RSV alpha-type (RSVa) virus produced from transformed cells in the absence of avian leukosis virus (7, 14) . It was assumed that this form of RSV has a mutation in the polymerase gene. The presence or absence of the polymerase in RSVa-transformed cells has not been previously determined.
On the other hand, an increasing amount of evidence suggests that some normal, uninfected chicken embryo cells contain viral products characteristic of avian leukoviruses (2, 9-11, 13, 15, [19] [20] [21] . Therefore, studies on the enzymes in normal and transformed cells are of great interest. In this paper we investigate the types and properties of the DNA polymerase in chicken cells before and after infection with the nondefective leukosis virus,  Virus and cells. The preparation of RSV-2 and Bryan RSVa-infected cells has been previously described (6) (7) (8) . Chicken embryos used in these studies were examined for both gs antigen and helper factor (11 TTP, 4 to 20 nmoles containing 50 to 1,500 counts per min per pmole as designated. Incubations were carried out for 30 min at 37 C.
Acid precipitation and scintillation counting of the reaction products has been described (17) . RESULTS DEAE-cellulose chromatography of cellular DNA polymerase activity. Both crude cellular fractions and DEAE-cellulose chromatograms of chicken embryo cell fractions were examined for DNA polymerase activity by three different assay techniques. The first of these assays uses a deoxyribonuclease-treated native DNA template and all four deoxynucleotide triphosphates as substrate to measure D-DNA polymerase activity (17) . The second assay uses the primertemplate (dT)12 rA and 3H-TTP at 30 C in the presence of Mn2+ to measure cellular R-DNA polymerase activity (4) . The third assay uses (dT)12 rA and 3H-TTP with Mg2+ at 37C to measure RNA-dependent DNA polymerase found in the avian leukoviruses. This latter assay is the same as that described by Kacian et al. (12) as optimal for the purified avian myeloblastosis RNA-dependent DNA polymerase. Previous reports have shown that the D-DNA polymerases of calf thymus and HeLa cells cannot copy a (dW)12 rA template by the usual assay techniques and hence would not be detected under the conditions used in the second and third assay (1, 4, 5) . As shown in Table 1 , the RNA-de- (Fig. 2) , i.e., the appearance, in infected cells, of an enzyme showing a preference for Mg2+ in the assay. The control cells used for the studies in Fig. 1 and 2 and Table 1 We have also studied cells transformed by infecting originally with RSVa (RAV-1). These transformed cells release defective virus RSVa(f) known to contain no RNA-dependent DNA polymerase. Such infected cell extracts when chromatographed on DEAE-cellulose (Fig. 3 ) resemble the uninfected cell in containing a cellular R-DNA polymerase which responds better to Mn-30 C than Mg-37 C assay conditions. Figure 3 shows only D-DNA polymerase activity (assay 1) and R-DNA polymerase activity (assay 2). The column was also simultaneously assayed using Mg-37 C conditions (assay 3 conditions). Under the latter conditions the incorporation in all fractions was one-third to one-half that found under Mn2+-30 C assay conditions with (dT)12. rA as template. Furthermore, no trace of the RAV-2 type of RNA-dependent DNA polymerases is seen when the DEAE-cellulose peak of R-DNA polymerase activity is tested against (dG)12 -rC (Table 1) . We conclude that cells infected and transformed with RSVa do not contain the leukovirus reverse transcriptase.
Total DNA polymerase activities in normal, infected, and transformed cells. Table 2 summarizes the total amounts of the DNA polymerase activities found in the various cells studied. It is apparent that under the assay conditions used, the cellular R-DNA polymerase activity in normal cells (or cells infected with the defective RSVa) is about 1 % that of the total D-DNA polymerase activity. RAV-2-infected cells showed the presence of the virus-specific RNA-dependent DNA polymerase accounting for 5% of the total DNA polymerase in the infected cell. As Table 2 shows viral RNA-dependent DNA polymerase in the RAV-2-infected cell is two to three times more active under Mg-37 C conditions (assay 3) than with Mn2+ at 30 C (assay 2). The opposite is true of the R-DNA polymerase in control (uninfected cells) which prefer the Mn2+-30 C conditions. It is not possible to determine from the data whether RAV-2-infected cells still contain any cellular R-DNA polymerase since the latter enzyme might a DNA polymerase activity is expressed as picomoles of deoxynucleotide incorporated in 15 min/g of cells under the standard assay conditions for each polymerase activity as described in Materials and Methods. D-DNA polymerase activity, determined using assay condition 1. Cellular R-DNA polymerase activity, determined using assay condition 2. Viral RNA-dependent DNA polymerase, determined using assay condition 3. be masked by the large amounts of the virusspecific polymerase which is found in the cell. However, uninfected cells show no evidence of an RNA-dependent DNA polymerase of the type associated with a leukovirus such as RAV-2.
It can be noted that there is a difference in the chromatographic pattern of D-DNA polymerases obtained from normal or infected cell nuclei (Fig. 2 ). This has not been further investigated.
It is interesting to note the presence of nuclei, from both normal and infected cells, of a D-DNA polymerase which does not adsorb to DEAEcellulose. A similar observation has been made with HeLa cell nuclei from which such an enzyme has been partially purified and studied (17, 22 Normal chicken embryo cells appear to carry at least some of the virus genetic information (9-11, 13, 20, 21) . The expression of these genes is apparently controlled by another gene and, therefore, some embryos possess group-specific antigen(s) and a helper function for formation of infectious Bryan RSV. Both normal and RSVatransformed cells prepared from embryos in which these viral expressions were positive were examined in this study. The lack of functional virus-specific RNA-dependent DNA polymerase in these cells would therefore mean that the gene for the polymerase is either missing in normal cells or it is not expressed, whereas the other viral functions are allowed to be expressed. The previous demonstration of recovery of RAV-60, which carried these host cell-associated viral genes, from normal chicken embryo cells (10) does not exclude the former possibility because this virus has always been recovered following infection with other leukoviruses, and could therefore be formed by recombination of the host cell-associated genome with the added leukovirus genes. However, Weiss et al. (21) have recently demonstrated the induction of a complete virus with RNA-dependent DNA polymerase from some strains of normal chicken cells by treating with chemical or physical agents. Therefore, normal chicken cells might carry the complete genetic information for the virus, but the gene for the enzyme could be suppressed under normal circumstances. At the present time, there is no indication of any relationship between the cellular R-DNA polymerase and the RNA-dependent DNA polymerase of the avian leukoviruses. The only common property they seem to share is the ability to copy a polyribostrand, and, even then, the cellular R-DNA polymerase seems to be severely restricted in its ability to copy ribopolymers other than polyriboadenylic acid. We also examined normal chicken cells which are (gs-h-), and found that they are exactly the same as the (gs+h+) cells in regard to the characteristics and amounts of DNA polymerase shown in Fig. 1 
